Abstract: We show that the nature of stimulated Brillouin scattering (SBS) radically changes at nanoscales due to tremendous internal radiation pressures. Coherent interplay between radiation pressure and electrostriction yields giant enhancement of SBS and tailorable photon-phonon coupling. [4] . In such systems, electrostrictive SBS is determined by material properties and is largely independent of the geometry [4] .
Stimulated Brillouin scattering (SBS) is a third order nonlinear optical process by which optical photons are coupled to acoustic phonons. SBS is typically mediated by electrostrictive or thermoelastic material response [1] . Since its discovery, electrostrictively mediated stimulated Brillouin scattering has been extensively studied in bulk media and in optical fibers, enabling the realization slow light [2] , efficient GHz phonon generation [3] , and a host of new light sources [4] and signal processing techniques [4] . In such systems, electrostrictive SBS is determined by material properties and is largely independent of the geometry [4] .
Recent development of nano-optomechanics suggests that a new way of creating strong photon-phonon coupling can be accomplished through radiation pressures within nanoscale photonic systems [5] . In particular, using simultaneous optical and phononic resonances, radiation-pressure-mediated photon-phonon couplings have enabled cryogenic optomechanical [6] , phonon lasers [7] , and phononic signal processing. Conventional theories, which have proven remarkably accurate at microscales [4, 1] , vastly underestimate SBS at nanoscales, as the boundary induced nonlinearities, associated with radiation pressure, are not taken into account. Hence, a unified treatment of photon-phonon coupling, capturing both material and boundary induced nonlinearities, is necessary to elucidate the physics of SBS processes in nanoscale systems.
In this paper, examine the many mechanisms by which light can induce photon-phonon coupling, and we explore the material and geometry degrees of freedom which become important to such processes at nanoscales. Through this examination, we will develop a generalized multi-scale treatment of photon-phonon coupling, valid at both microand nano-scales, and study traveling-wave SBS processes within the nanoscale waveguides of Fig. 1 . We show that strong interaction of light with the boundaries of nanoscale waveguides produce tremendous radiation pressures, with enhanced SBS nonlinearities, even when material nonlinearities are absent. Because of the large enhancement of internal optical forces [8, 9] and the tight confinement phonon modes, SBS gain coefficients in such nanoscale systems are found to be 10 4 − 10 6 × larger than within typical silica optical fibers [9, 8] . In contrast to microscale optical fibers and waveguides, both radiation pressure and electrostrictive optical forces play critical role in enhancing photonphonon interactions at nanoscales, yielding 100× stronger parametric gain than predicted by micro-scale SBS theories. More importantly, forward-SBS processes, which are typically forbidden within guided-wave systems [4] , become dominant at nanoscales-enabling powerful forms of cascaded photon-phonon coupling analagous to cascaded Raman processes [3] . Comparison with exact relations reveal excellent agreement.
Recent studies have illustrated that both radiation pressure and electrostriction are radically enhanced with subwavelength field confinement [8, 9] . These greatly enhanced time-varying optical forces have profound implications on nanoscale SBS processes even in the simplest step-index waveguides. We consider the silicon waveguide geometry seen in Fig. 1 , corresponding to a core (cladding) refractive index of n 1 = 3.5 (n 2 = 1) and material photoelastic con- Fig. 2a ). Magnified view of the FSBS gain, in Fig. 2d , show the contributions of electrostriction (blue), radiation pressure (green). Coherent combination of electrostriction and radiation pressure (red), yield a radically enhanced a total gain of 2.3 × 10 4 m −1 W −1 at 13.0 GHz. Through BSBS, phonon wave-vector |K| ∼ = 2· |k p |, results in longitudinal electrostrictive forces of comparable magnitude to the transverse forces generated by both radiation pressure and electrostriction. In this case, simulations yield the SBS gain spectrum seen in Fig. 2e . Again, the separate contributions to the SBS gain produced by electrostriction (blue) and radiation pressure (green) are seen to constructively interfere at 15.0 GHz to yielding radically enhanced SBS gain of 1.3 × 10 4 m −1 W −1 . The coherent combination of these forces produce efficient coupling to the E1 and E2 modes of Fig. 2b .
In conclusion, we have show that sub-wavelength field confinement produces a new regime of stimulated Brillouin scattering, where radiation pressure plays a critical role in mediating photon-phonon interactions. At these scales, strong interaction of light with the boundaries of a step-index waveguide radically enhances SBS through both electrostrictive and radiation pressure induced optical forces, yielding new geometric degrees of freedom through which photon-phonon coupling strength and frequency can be tailored. While we have focused on the simplest of nanoscale structures here, these results suggests that a wealth of new structurally enhanced Brillouin interactions warrant further study at sub-wavelength scales. By generalizing the multi-scale treatment of SBS photon-phonon coupling, applicable at virtually any length scale, we have laid the groundwork for the study of photon-phonon coupling in a new regime of boundary-force dominated SBS systems. 
